One of the concerns of the air pollution studies is to compute the concentrations of one or more pollutants ' 
INTRODUCTION
Air pollution is the common term in reference to the existence of air pollutants in the form of gaseous, liquid or fine particles suspended in air. Previous studies showed that it can generate damaging effects to human health, crops and environment (Jamal et al. 2004) . In view of this, the Department of Environment, Malaysia consistently observes the ambient air quality in Malaysia through the continuous monitoring at 52 stations throughout Malaysia (Department of Environment Malaysia 2013). All the strategically located monitoring stations in urban, suburban and industrial areas would record any significant changes in air quality that might have detrimental effects on the global environment, crops and human health. The ozone (O3), lead (Pb), carbon monoxide (CO), sulphur dioxide (SO 2 ), nitrogen dioxide (NO 2 ) and particulate matter of aerodynamic diameter of less than 10 micrometer (PM 10 ) are the six criteria pollutants which are monitored FIGURE 1. Particulate matter (PM) emission load by sources (in percentage), 2004 -2012 (Source: Malaysia Environmental Quality Report 2012 , 2009 , 2008 , 2007 , 2006 , 2005 & 2004 closely by the Department of Environment, Malaysia. These may cause inconvenience to the respiratory system and nervous systems of human being and damages to the vegetation (Jamal et al. 2004) . Monitoring data and studies on ambient air quality show that some of the air pollutants in a number of big cities in Malaysia are increasing with time (Afroz et al. 2003; Talib et al. 2002) . Air pollutants are released to the ambient air by two major sources namely, natural sources and anthropogenic activities. Forest fires and windblown dust are among the natural sources that release pollutants to the air (Department of Environment Malaysia 2013). Stationary and mobile sources are the contributors to anthropogenic activities. Among the major local sources of air pollutions in Malaysia are the increasing numbers of motor vehicle usage (mobile sources) and rapid development of industrial sector (stationary sources). As published in the Environmental Quality Report 2012, the highest contributors of stationary sources were Johor (21.5%) followed by Selangor (18.7%) and Sarawak (11.2%) (Malaysia Environmental Quality Report 2013) .
For the past few years, power and industrial plants have been the major source of particulate matter in Malaysia. However, it is significant to note that the trend of main contributor of particulate matter has shifted from the combination of industrial and power plants to a single factor of motor vehicles (76%) in 2012 as shown in Figure 1 .
The overall trend of PM 10 in certain areas in Malaysia had occasionally exceeded the Malaysian Ambient Air Quality Guidelines of 50 μg/m 3 for PM 10 due to transboundary forest smoke throughout the dry period of May to September (Department of Environment Malaysia 2013).
One of the concerns of the air pollution studies is to compute the concentrations of one or more pollutants' species in space and time in relation to the independent variables, for instance emissions into the atmosphere, meteorological factors and parameters. One of the most significant statistical disciplines developed for the applied sciences and many other disciplines for the last few decades is the extreme value theory. The most important feature of this analysis tool is to compute the unusual or rare (extremes) events such as the minimum or the maximum concentrations, exceedances or frequencies of the data (Coles 2001) . Various studies in different fields have been published for the last couple of years in the applications of the extreme value theory, for example operational risk management (Yao et al. 2013) , volatile organic compound exposures (Su et al. 2012) , future markets (Kao & Lin 2010) , calculation of capital requirement (Tsai & Chen 2011) , wind speed (Reynolds 2012; Torrielli et al. 2013) , wave heights (Petrov et al. 2013 ) and storm (Reeve et al. 2012) . Studies involving natural phenomena such as rainfall, floods, wind speed air pollution, the height of sea waves and corrosion have been of great interest to researchers and scientists for a long period of time (Kotz & Nadarajah 2000; Surman et al 1987) .
A widely used method for assessing and estimating the concentrations of air pollution is the extreme value distribution (EVD) (Dasgupta & Bhaumik 1995; Horowitz & Barakat 1979; Kuchenhoff & Thamerus 1996; Lu 2002; Lu & Fang 2003; Quintela-del-Río & FranciscoFernández 2011; Reyes et al. 2010; Roberts 1979; Smith 1989; Surman et al. 1987) . In view of the fact that it can generate damaging effects to human health, crops and environment, therefore, this study is carried out to attain the best model to predict PM 10 concentration level in Pasir Gudang, Johor; Bukit Rambai, Melaka; and Nilai, Negeri Sembilan which are all located in the Southern region of west coast Malaysia. This study uses six EVDs to fit the distribution of PM 10 . Parameters for all distributions are estimated using the method of maximum likelihood estimator (MLE). All three Pasir Gudang, Bukit Rambai and Nilai monitoring stations are situated at Sek. Men. Pasir Gudang 2, Pasir Gudang, Johor (N01°28.225, E103°53.637); Bukit Rambai, Melaka (N02°15.924, E102°10.554); and Tmn. Semarak (Phase II), Nilai, Negeri Sembilan (N02°49.246, E101°48.877), respectively. Geographically, all the monitoring stations are strategically located in the rapid growth industrial areas resulting in a large amount of air pollution (Lee et al. 2012; Mohamed Noor et al. 2011; Yap & Hashim 2013) . In addition, the Southern part of Peninsular Malaysia is prone to the trans-boundary smoke due to forest fires from the Sumatera regions which contributed to the higher PM 10 concentrations. It general, the air quality in the southern region of Malaysia was in between of good and moderate except for a few of unhealthy days recorded in -2012 (Department of Environment Malaysia 2013 , 2012 .
The analysis of data with the absence of missing values is completed using a programming language for numerical computation, visualization, and programming package for engineers called MATLAB® (Chapman 2004 ).
PROBABILITY DISTRIBUTION AND PARAMETER ESTIMATORS
This research undertakes the analysis of PM 10 data using the extreme value distributions, namely: Gumbel (Kotz & Nadarajah 2000) , two and three-parameter Weibull (Rinne 2008) , Generalized Extreme Value (GEV) (Martins & Stedinger 2000) and two and three-parameter Generalized Pareto Distribution (GPD) (Abd-el-hakim & Sultan 2004; Singh & Guo 1995) . All the parameters of the distributions are estimated using the Method of Moments (MOM) and Maximum Likelihood Estimator (MLE). Table 1 shows the probability density function of the EVD and the parameter estimators of each EVD.
PERFORMANCE INDICATORS
This study uses six performance indicators to select the best distribution to represent the data. The accuracy Notation: μ is the location parameter, s is the scale parameter and λ is the shape parameter. = sample mean, s = standard deviation, C s = skewness measures are the Prediction Accuracy (PA), Coefficient of Determination (R 2 ) and Index of Agreement (IA). The accuracy value is between 0 and 1 and as the value approaches 1, the model is appropriate. On the other hand, as the value of error measures approaching 0, the model is deemed to be the best model. The error measures used in this study are the Root Mean Squared Error (RMSE), the Normalized Absolute Error (NAE) and the Mean Absolute Error (MAE) (Junninen et al. 2004; Lu and Fang 2003; Yahaya and Ramli 2008) . Table 2 lists the performance indicators and their formulae used in this study. Tables 4 and 5 list the estimates for the location parameter, μ, scale parameter, σ and shape parameter, λ for all distributions using the method of moment and maximum likelihood estimator and their performance indicators. Based on performance indicators, the distributions were then ranked. The best distribution is selected based on the highest accuracy measures and the smallest error measures. It is significant to note that for all the three stations under consideration, the best distribution was the GEV distribution. The best estimator for two stations, Pasir Gudang and Bukit Rambai was the MLE while for Nilai station, the best estimator was the MOM.
Cumulative distribution functions (CDF) of the GEV distribution for all three monitoring stations are presented in Figure 5 . From this figure, the probability of the concentrations exceeding the levels of MAAQG of 150 μg/m3 was estimated. For Pasir Gudang, the probability was 0.0014 (F(x) <150 = 0.9986). The estimated numbers of days in which PM 10 concentrations exceeded MAAQG was 0.0014 × 1096 days = 1 ½ days. In the case of Bukit Rambai, the probability was 0.0005 (F(x) <150 = 0.9995). The predicted number of unhealthy days was 0.0005 × 1096 days = ½ days. As for Nilai, the probability was 0.0019 (F(x) <150 = 0.9989). The estimated number of unhealthy days for three years was 0.0011 × 1096 = 1 day (Table 7) . 
CONCLUSION
In the study of air pollutions, the researchers focused on high concentrations of pollutants as it is detrimental to human health. The descriptive statistics show that the mean concentrations of the three stations exceeded the Malaysian Ambient Air Quality Guidelines (MAAQG) level for the hourly average of 50 μg/m 3 . In general, the country experienced the high concentrations of the PM 10 during the second and third-quarter of the year as a result of trans-boundary smoke from the forest fire in Sumatera region during dry season from May to September as demonstrated in the three year PM 10 concentrations data. Six extreme distributions were compared using two different estimators, namely, MOM and MLE. The results showed that the GEV distribution was the most appropriate distribution for daily maximum density of PM 10 for all the monitoring stations under study. The best parameter estimator for two stations, Pasir Gudang and Bukit Rambai, was the MLE while for Nilai, the best estimator was using MOM. The CDF of observed PM 10 and the predicted values obtained from the GEV were then fitted. The analysis showed that the number of days of which the concentrations of PM 10 exceeded daily MAAQG were very minimal, between ½ -1½ days in these stations. In general, the air quality in the Southern region of Peninsular Malaysia where the three stations are located was in between of good and moderate except for a few unhealthy days recorded in 2010 -2012. To conclude, the GEV had an advantage over the other distributions since it provides better performance indicators in estimating the number of days that exceeded the specified levels of MAAQG of 150 μg/m 3 for daily concentrations. Thus, the GEV may be used to predict the exceedances of future extreme concentrations of PM 10 in Malaysia.
